



OURNAL 


VOLUME 10, NUMBER 1 @ JANUARY, 1954 








Emmett O'Grady, banquet speaker at the Tenth SPE Technical 
Conference in Toronto, January 28, 1954. (See story on page 18). 
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: - from Monsa nto |»: 
° 
7 
. for casters, coaters, slush molders 
+ 
° 
* 
. . . . . 
° Stir-in vinyl! plastisol resin 
* 
. Developed especially for coating, casting and slush-mok 
applications, Monsanto's new Opalon 410 plastisol res 
. an exceptionally wide range of outstanding properties 
you can use to advantage. 
° : 
It is an extremely versatile resin of absolute uniformity 
- 
with low viscosity and good dispersion. It can be stirred 
+ into other components in a high-speed mixer . . . needs no 
solvent addition . . . requires no grinding. 
‘ : : 
Among the many superior properties added by 
° Opalon 410, there are: 
bad 1. High strength, and abrasion and wear resistance 
a 2. Resistance to grease, water and most detergents 
° 3. Resistance to oxidation and discoloration by sunlight 
4. Good flexibility at low temperatures 
* 
Whatever your coated, cast or slush-mo'ded product, it 
” pay you to investigate Opalon 410 resin. For full 
e information on this new plastisol for your product, write 
MONSANTO CHEMICAL COMPANY, Plastics Division, 
“ ‘ ia . , 
Room 2901, Springfield 2, Mass. 
e Opalon: Reg. U.S. Pat. Off. 
° 
. 
. MONSANTO | 
° é 
q 
y 
+ . i 
e SERVING INDUSTRY . . . WHICH SERVES MANKIND 
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Aina the Editor’s Desh 


° The 


Future” 


“Symposium on Plastics Testing Present and 
is a 76 page book with heavy paper cover pub- 
A.S.T.M. It contains papers presented at their 


Measurement and Sig- 


lished OY 
dd5th annual and covers; 
nificance of the Mechanical Strength Properties of Plas- 
Effect of Temperature on Some Physical Properties; 
Effects of Mold- 
Plastics; Resi 


A.S.T.M. 


meeting 


tics; 
Measurement of Color, Gloss and Haze; 


ing Conditions Upon the Permanence of 


Stresses in Phenolics. Price is two dollars. 


dual 
is at 1916 Race St., Philadelphia. 


© A couple of months ago we published an article on the 


company publications in the plastics business. One we 
missed is the excellent “The Plastics Sphere” 
by Canadian Industries Ltd., Polythene Div., 
Montreal, Quebec. This beautifully done magazine is pub- 
lished Main topics 


deal with properties and various applications of plastics. 


published 
Box 10, 
and runs about 16 


quarterly pages. 


Well worth your while. 

for “Plastics Around the 
Osterreichische Plas 
Norwegian. 


© Still 
World” 
tic Rundschau, in German, 
No pay, but lots of 
over-all welfare of the plastics industry. 


for abstracters 


looking 
feature of the Journal are: 
and Ajour SNI, in 


satisfaction in contributing to the 


books 
Plastics 
Piastics Molding Engineering 
Protective Coatings, edited by 


® Several interesting looking slated for early re- 


this Journal Progress 1953, pub- 
lliffe of London; 


Organic 


view in are: 
lished by 
by Freund; 


Von 


and 
Fischer. 









SILICONE >. 


MOLD “2 
LUBRICANT 








RUBBER, 
LOW PRESSURE 
COMPRESSION 
INJECTION 


MOLDS 


PRICES: 
Sample Can____..$ 2.00 
Unbroken Dozen $18.00 to 
(at $1.50 each) long lasting: 
Unbroken Gross $197.40 non-marking: 
(at $1.37 each) ae ao 
Further discounts on Db .L0m 
larger orders 


INJECTION MOLDERS SUPPLY CO. 


WYoming 1-1424 CLEVELAND 20, OHIO 
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EVERY TYPE OF 
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for use as 
fillers in 


PLASTIC 


Tw } xted mpanie Hering every 
either the Coarser Dry-Ground 
Mica or the Finer Wateraround and Micronized 


Mica have representatives and warenouse 

k >cated for stomer nvenience ina 
principa tie $ the United States and 
naGca 


Mica ; excellent tor use a Filler _ Pla : 


it Y Tiaxy mineral navina iaea Ther 
na yt k pertie 1nd High Dielectr 
St ‘ +r + sla yrent + nn tlexib e ana 
> ert 
4 s 
Ny } | with plant s+ F est 
sn 
f L r Eqst R hor } N J. ana 
KA sts 
K v ta N.C } rne arse yradae 
\ Yr a ? UI me 
7 ~ 
ne Fe rn \A ' oe. , 79 Pr pect 
, a 
tre ; St Mic ( or ect + na the tiner 
A 
ade wailable nN !OU mesn to a tneoretica 


Write The English Mica Co. ... of 79 
Prospect Street, Stamford, Connecticut for in- 
formation on the Finer Ground Micas and U.S. 
Mica Co., Inc., Jordan & Van Dyke Streets, 
East Rutherford, N.J. on the coarser Ground 
Micas. 











Fou? 


Your National Office 


pe you in Toronto!” is becoming the watchy 

throughout the industry. In the past three mon 
your Executive Secretary has been “on the road” for 8 

miles visiting eight more sections; a joint Eastern \, 
England and Rhode Island and Southeast Massachuset, 
meeting, Southeastern Ohio, Philadelphia, Centra] Oh 
Newark, Chicago, and Cleveland-Akron. And the enthys 
iasm about the SPE Conference is really great. 

The Newark Section expects to have their own raj 
road car and take a leisurely overnight trip to the Cor 
ference. I know many of the New York Section membs 
are making a faster trip—only two hours—by plane. Ne 
England, being especially close to the Conference, pron 
ises strong representation. The Buffalo, Ontario, ané 
Quebec Sections are looking for almost 100% attendane 
and Cleveland, only an hour away by plane, should cong 
close to that. Philadelphia and Chicago expect attendane 
by their section members to be as good as it was in Bostor 
And the great state of Ohio will be well represented 
Pittsburgh will be attending as a section for the firs 
time and two more new sections should be accepted 
the Society at the Conference. 

Almost 300 have already registered for the Conference 
What is especially noticeable is the number of men bring 
ing their wives this year. The very interesting ladi« 
program is one reason no doubt. One member telephon 
to ask if taking his whole family would be practical. 
will be the first time his children will have been outsié 
the borders of the United States. There will be sig 


seeing tours, luncheons, even a fashion show—and a t 





vision interview of some of the distinguished speaks 
at the Conference is planned which many will want 
attend. The annual banquet will be held and this 
arrangements have been made for Conference guests 
join the regular Friday evening Toronto nightclubbers 
the Royal York Hotel for dancing afterwards. 

The program of technical sessions at the Confer 


is just as essential to its success as is the program of | 





local section meetings for their success. From the « 
ment of members throughout the country, in all phas 
of the industry, it would seem the Conference Com: 
has hit on subjects of current interest and the discuss 
of which will contribute to the progress of the plast 
industry by making technical information available t 
individuals in the industry. 

Two misunderstandings should be cleared up. No 
members as well as SPE members are welcomed at th 
Conference. All can register at the Conference, but bett 
accommodations are likely to be obtained by registe! 
in advance. 

Personally, I am looking forward with great pleasu 
and expectation to again being with the many friends 
have made in recent months and meeting individua 


everybody at the Conference—see you in Toronto! 


Executive Secretary 


P 
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How many will break ? 


Just three of these tumblers, out of a hundred dozen, 
were broken in a full year of service at the La Rue Carter 
Hospital for mental health in Indianapolis. 

They're “Crystalon” tumblers, made from BAKELITE 
C-11 Plastic—an improved, tougher, stronger material 
that drives breakage costs ‘way down. 

Their appearance is long-lived, too. They don’t chip. 
Their crystal clarity is an inherent feature of BAKELITE 
C-11 Plastic. Their tapered shape is just right for stack- 
ing; light weight makes them easy to handle. 

These tumblers can be washed in automatic dish- 
washers at temperatures as high as 180 degrees F. 
BakELITE C-1] Plastic withstands contact with soaps, 
detergents, oils, food chemicals, coffee, tea, citrus peels, 
and cosmetics. “Crystalon” tumblers are made and 
distributed by International Molded Plastics, Inc., 
Cleveland, Ohio. 


BAKELITE 


TRADE-MARK 


C-11 PLASTICS 


/B\ 
trave OO) marx 
BAKELITE COMPANY 


A Division of 
Union Carbide and Carbon Corporation 








uc 
30 East 42nd Street, New York 17, N. Y. 


In Canada: 
Bakelite Company (Canada) Ltd., Belleville, Ont. 





Section Membership Competition 
Goal: Membership of 5000 by October |, 1954 


SECTION SECTION 
NEW APPLICANTS 
MEMBERSHIP 





NEW APPLICAN})s 





MEMBERSHIP 























Oct. 1, 1953 Nov Oct Increase Oct. 1, 1953 Nov On 
Baltimore-Washington 49 l 0 2 Philadelphia 174 6 ( 
Buffalo 65 3 l 6 Pittsburgh 6 3 4 
Central Ohio 33 0 l 3 Quebec 25 5) 2 
Chicago 315 7 10 5 Rhode Island & Ek. Mass. 68 2 2 
Cleveland-Akron 148 10 4 7 Rocheste 65 | : 
Connecticut ROH l 5 7 St. Louis 71 0 .4 
Detroit 173 6 0 Southeastern Ohio 36 0 4 
Eastern New England 132 l 1 2 Southern California 96 6 7 
Golden Gate 32 3 2 16 South Texas 32 5 0 
Miami Valley 102 l l 2 Toledo 59 0 ( 
Newark 32 9 17 8 Upper Midwest 54 4 i 
New York 248 1 17 7 Western New England 135 7 s 
Northern Indiana 21 l 0 5 Non-Section 37 0 
Northwest Pennsylvania 75 4 2 8 
Ontario 465 14 37 TOTALS 2704 93 113 q 
| 
| 
i 1) 
j 
qi 
D 
i" 
RATTY TRICK 
to improve It’s a typically ratty trick, a \ 
( _ . four Minneapolis long-tailers are Bea) | 
plastics production! ting on all their brother rodents i rigid 
save money! They’ve been hired by a manu! . 
turer there to determine if a new t : 
of plastic will be too attractiv 
hungry rats. (One problem with | . q 
Hopper Loader tics is that some types have p! a 
Motor-driven conveyor feed for injection and unusually appetizing to thes - 10 
extrusion machines. Automatic flow at any pace ters.) he 
you set. Clock timer stops and starts feed as de- Even a well-fed rat couldn't t | 
sired. Easily installed, timesaving, safe. down the deal offered by the M (OB 
apolis-Honeywell people: Two of | i) 
long-tail rodents enjoy one good : 
H feed a day, plus after-dinner plas 1 
opper Dryer - to gnaw on. The other two rats ¢ } 
For continuous drying and pre-heating of material. short rations but are served 
Easily installed on all standard makes of injection : mn y 3 
and extrusion machines. Saves handling—saves plastic they can eat. To top it of, q 
space—speeds production—economical to operate. rat from each group gets food ser . 
right on his plastic! . 


ee . 


— c t 
TT 
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“Die-Temp” Control 


Positive control of mold temperatures at constant 
level between 100-400 degrees F. Fast-acting elec- 
tric immersion heaters in tank. Economical, simple 
to operate; mounts on wall or on machine. Stand 
optional. 


18208 W. McNICHOLS RD. 


THORESON-McCOSH, Inc. 25220!" 15, MIcHICAN 














So far, only one member 
genus rattus, the one on sh 
tions who is served his plastic a 
mode, has proved that a rat wi 
age the new plastic. 

People—Honeywell testing 
tory technicians—are trying 
how far he will go. If he turns g 
mand and shows he really like 
plastic, they’ll mix a nasty re 
in it. 
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sking the mold from a block of wood. Since 
nly stress applied in the vacuum forming 
s atmospheric pressure, costly machin- 


d dies are unnecessary. 
q HAT SEGMENT of the plastics industry which di- 
; ts energies toward the fabricating of plastic 
Mpirts from flat thermoplastic sheet is certainly not new. 
d 1 er, due to certain restricting factors, economic and 
>» se, it has not progressed proportionally with the 
mpl ast ndustry as a whole. There are several good 
-_— ww s why sheet fabrication has lagged behind. One 
of the ost retarding factors has been the comparatively 
st of sheet material. Actually, the other impedi- 
7 nge directly on this cost factor. 
{ \pproximately a year and a half ago The Dow Chem- 
F cal | pany made available to the plastics industry a 
meizid high impact thermoplastic sheet material. The in- 
toughness, good dimensional stability and low 
water absorption of this sheet was of immediate interest 
sheet fabricator and led to its adoption for the 
Droduction of many useful articles. This material was 
riced low enough to allow sheet fabricators to venture 
nto fields where plastic sheet could not previously com- 
Mepete. This has been a strong stimulus to the sheet fabri- 
4 dustry 
There are several methods by which sheet and sim- 
ila aterials may be fabricated. At the present time, 
%) er, Vacuum forming seems to be the most popular. 


The major advantages which vacuum forming offers 
include such factors as low tooling cost, a comparatively 
] pital investment, versatility of equipment to large 
au ll parts and/or quantities as well as ability to 
ge area thin section parts. 
icuum forming may be accomplished by one of 
ethods. The plastic sheet may either be drawn ove 
or into a female form and in some operations 
be desirable to use a combination of both. There 
ile, definite advantages to be gained by employ- 
thod or the other, depending upon the par- 


the important advantages of using a male 

that it is possible to achieve more even distri- 

naterial in the lower sections of the formed 

s technique is commonly referred to as plug and 

rming. The essentials of vacuum forming with a 
ig and ring are as follows: 

plastic sheet is clamped in a frame which in 

ises Is stationary. The sheet is then heated to the 
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Vacuum Forming 


of Polystyrene Sheet 


John M. Hoy 
The Dow Chemical ( ‘0. 


proper forming temperature and the plug is forced unde) 
pressure up into the hot sheet. This pre-stretches the 
material allowing it to freeze slightly on the bottom 
radii and remain thicker. When the mold base flanges 
on the clamping frame, it seals the sheet, and at this 
point the vacuum is drawn, bringing out the detail of 
the mold. 

When using the plug and ring technique, the maxi 
mum detail is obtained on the inside of the formed part. 
For some deep draw applications it is necessary to have 
the maximum detail on the outside of the part. To ac 
complish this both a male plug and a female mold ar 
used. The procedure is much the same as before, however, 
the vacuum is drawn on the female cavity rather than on 
the male plug. The plastic to mold contact is therefore 
on the outside of the formed article. 

Section thickness of formed parts is directly pro 
portional to the depth of draw. Consequently, the depth 
limitations on such parts will depend upon the required 
wall thickness, the total projected area, the gauge of 
the sheet used, and the geometry of the finished article. 

For applications where the depth of draw is not too 
great, it is not necessary to pre-stretch the plastic sheet. 
Therefore, a straight vacuum draw into a female cavity 
is sufficient. The utilization of female molds has several 
advantages which makes their use more acceptable fo 
certain applications. 

For multiple cavity operations, where several parts 
are to be formed in a single draw, the female mold is more 
satisfactory. The reason for this is the fact that more 
parts may be obtained from the same area of sheet. Fo 
example, if a multiple piece mold were constructed using 
male plugs two inches high, it would be necessary to 
place the individual plugs two inches apart to prevent 
webbing between each part. Whereas in using multiple 
cavity female molds the individual cavities need only be 
far enough apart to allow for trimming. 

Vacuum forming into a female mold also has _ the 
advantage of being generally simpler machine-wise. The 
mold is usually stationary and involves merely framing 
the sheet above it, heating, and drawing. Female molds 
may be constructed so that the mold itself, with the ex 
ception of the heat source, is the complete forming unit. 
This is accomplished by fastening the clamping frame 


Nine 








Operator placing sheet of Styron sheet in vacuum forming 
machine where in a matter of a little more than a minute it 
will be transformed into the sealed box containing the mold 
heat is applied until the plastic becomes soft and pliable 
then a vacuum is applied drawing the sheet tightly around 
the mold 





Rough drawn tray immediately after vacuum forming. Since 
this is an experimental model, the machine was not adjusted 
to eliminate waste of sheet. 





Finished model after trimming excess sheet from edges. With 
such easily-made molds changes or complete new designs 
can be made quickly and inexpensively. 


Te n 


on the top of the mold and constructing a vacuum chamber 
below the mold cavity. 

Because low pressures and relatively low te pera. 
tures are employed in vacuum forming, a wide variet 
f low cost, low strength mold materials may be usgeg 
Furthermore, the fact that molds are made with one gy 
face decreases the time required for their constructioy 

Due to the fact that low pressures are used, machine 
construction is simplified. Consequently, the size ang 
cost of equipment is considerably less than injection 


_ 
< 


compression molding equipment of equivalent capa 


ment. The construction characteristics of vacuum forming 
equipment permit relatively large or small molds to lk 
utilized. This makes it possible to produce parts in a 
variety of sizes with one piece of equipment. 

Short production runs are practical for vacuun 
forming. Low tooling costs coupled with the comparatiy 
speed of tooling make short production runs feasib 
which could not be considered for an injection molding 
application. This method is also practical for the develop. 
ment and testing of models and prototype parts that 
are inherently suited for injection molding or extrusior 

When employing vacuum forming techniques it js 
possible to combine large projected areas with thin wal 
sections. Since section thicknesses of .020” and less are 
readily attainable in sheet forming work, plastics ca 
economically compete in more markets. 

In general, the essentials of a vacuum forming ma- 
chine are the heat source, vacuum equipment, the clamping 
frame, and the mold platform. 

A uniform source of heat is one of the first require- 
ments. Radiant type heat applied from one side of the 
sheet has proven to be very satisfactory. However, this 
type of heat is limited to sheet thicknesses of less thar 
‘, inch. The important considerations when obtaining a 
heater are range of temperatures and uniformity. The 
forming cycle time will be influenced directly by tne 
temperature of the heater. Proper material distributio 
on the other hand, will function as a direct result 
uniform heating. 

Vacuum requirements will depend entirely upon the 
volume of air to be evacuated. One of the most in 
portant factors for the achievement of optimum forming 
results is the speed of draw which should be two seconds 
or less. If the drawing time is greater than two seconds 
section thickness in the lower radii will be decreased 
Polystyrene sheet is ideal for rapid vacuum forming 
since it does not tend to “snap back” as many other plas 


tic sheets do. The speed of draw hinges directly up 
four factors: The placement of the vacuum ports the 
mold, the diameter of the vacuum line between the mold 
and the vacuum tank and the size of the tank, and the 
pump capacity. These requirements may be computed 
directly from the following known factors: cubic ar 
of the mold cavity and the two second drawing time. TI 
necessary vacuum pump capacity may be figured 1 
the volume of the mold and the speed of cycle. 

The construction of equipment as to the placeme! 
and movement of its various constitutents is optiona 
These factors will be influenced greatly by the end ust 
of the machine. The tendency throughout the industry 
however, is toward increased speed and simplificat 
operation. As the cost of plastic sheet material decreast 
labor must decrease proportionally. To achieve this, equil 
ment must be designed eliminating excessive ha! 
which in the past has gained plastic sheet fabricati 


(Please turn to page 33) 
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Another important factor is the versatility of equip J 


“WE 


SLo 
= 
é . 


MOLDED HOBBED HOBBED CAVITY 
PIECES CAVITY CUTAWAY VIEW 


— ._ SKILLED HANDS 


CAVITY 


GIANT PRESSES 


combine to turn out consistently 
accurate hobbed cavities 


Of course, Newark Die Hobbing and Casting Co. 
operates a battery of high-capacity presses—up to 3,000 
tons—for the making of hobbed cavities. 


But even more important than the number and size of 
hobbing presses is the skill! and experience of the craftsmen 
who operate them. Without this know-how, a costly 

hob can be ruined in seconds! 


That is why the skill of Newark Die’s craftsmen—men 
with up to 30 years of experience—is so important to 
users of hobbed cavities. Newark Die is prepared to make 
hobbings from your own hobs—or to design 

and construct the hobs for you. 








Cup holder designed for the Solo ¢, 
Company, Chicago, Illinois. Econo» 
was the principal consideration jp 

design of this polystyrene cup holx 
Shape is dedicated to the feel in « 
hand and designed to bring the cv 
higher in the holder to provide bes 
gripping. 





Thermo-Bow! Set created for Federal Tool Corp., Chicago, Ill. Polystyrene salad bowl 
molded in two pieces with air space sealed between. Available in various color combi- 
nations. The outer portion is a satin finish obtained by sandblasting the mold. Individual 
salad bowls to match. Salad fork and spoon in polystyrene of the same color as outer 
portion of bowl 

Beauty, smartness, and utility were the guiding considerations in the design of these bowls. 
Conceived to meet the demand of the housewife for distinctly “high-styled"” household 
objects, the thermo-bowls also meet the manufacturer's requirement for mass production 
at moderate cost. 


a and _ Industrial 
Plastics if. 


Designer 





By 


Jean O. Reinecke 


HE PAST QUARTER of a century has witnessed a 


phenomenal growth of two closely allied, but separate 





ind distinct facets of American industry. One is the field 


f plastics, the other is the relatively new profession of 





x ' 
ndustrial design. Through the past few decades, plastics q 
Ty q . 
Motorola clock radio desig’ 

by Reinecke has phenolic co 
diecast bezel and handle 

in pink gold and gold col 
perforated and incised ™ 


and industrial design have experienced tremendous de- 
elopment and today both enjoy a high place in the in- 
dustrial structure of the United States. 
Probably one of the greatest single factors in the 
vift adoption of this versatile material is that it came 


prominence contemporaneously with the growth of 


grill. 

the production of industrial design. The creative designe) 
finds great appeal in plastics since its n any attributes 
nake it almost the answer to the designer’s dream. 

Because of its endless and diversified potentialities 
for use in industrial design, plastics were enthusiastically 
adopted by the industrial designers of the nation from 
the very beginning. When the stylists first encountered “i 
this material, over twenty years ago, it was utilized prin- 


J.O. Reinecke & Associate s 
designed the cover 0! 
Landis Aristocrat. Previc’’ (me. 
made of cast iron 
changed to phenolic cove 
achieve lighter weigh! > 
Long before plastics made its greatest progress in finish, sound deadening © 

lower cost. The design required an appearance character quo 
tively in keeping with the reputation and technical exc: 
the client's product. 
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( pally as subordinate design pieces. During this period, 
the plastics industry was not even in its infaney, but in 
‘ } 


ts fetal stages, alive and growing, but not quite developed 





and almost amorphous 


techniques, design, and equipment during the second World ‘ 


War, the professional stylists were familiar with its in- 











Model T-10 “Tenna-Rotor" con- 
trol of the Alliance Mfg. Co 
before redesigning by Rein 
ecke & Associates. 






About the Author 
Jean Otis Reinecke, head of the 
Chicago product styling organization 
J. O. Reinecke & Associates, is one 
of the nation’s leading industrial 
designers and possesses a gifted 
insight into what Mr. and Mrs. Am- 
erica will buy. A pioneer in the 
field of industrial design, Jean Rein- 
ecke has had over 17 years of active 
Reinecke participation in the design field and 
hundreds of household products from 
refrigerators bear his styling imprint. 
ng the past year, he has served as president of the 
“Industrial Designers, one of the nation’s foremost 
2 ganizations made up of leading industrial designers. 
fn th tober of this year, Jean Reinecke was appointed Chair- 
up oe the Board of the Society of Industrial Designers 
e bet sn Otis Reinecke has long been identified with plas- 
plastics design. In past years his company has won 
swards for its plastics products in a wide range of 
fications. He is recognized by technical men throughout 
untry as an expert in the designing of products in 
He has been a member of S.P.E. for many years. 








Model T-10 “Tenna-Rotor” con- 
trol, redesign of outmoded 
model. Created by Reinecke 
& Associates for the Alliance 
Mfg. Co., Alliance, Ohio. 
Case of phenolic. Switch is a 
molded bar of milk white 
acetate. Satin silver dial printed in black with red accent. Pointer 


ELE IRI AILS BE EB OIRO 








ties and were making constant application 


I ateria and pointer cover gold finish. Molded polystyrene crystal. 
the credit for this must be directed to th The new design is compact, thin and easily read. Downward pres 
he plastics industry who, during this “grow sure on the switch prevents sliding of unit in use. Former model was 


bulky, used two side action switches and had poor legibility. De 


od, realized the value of the industrial de- “ : - 2 . 
signed to give it consumer appeal while offering a style easily 





gner and set out to educate the stylists in the use of adaptable to the decor of the modern home. 
hi 
se the material manufacturers and custom mold- 
rs of this early period were aware of the value of design their designing, are well aware of the public’s wants and 
d undertook to enlighten the designers, plastics wer¢ needs. That is why, in so many cases, they have joined 
» 2 ¢ the benefits of styling almost from their very forces with plastics. 
ncept The industrial designer of today is a man of many 
Whe yst engineers considered plastics as a mere talents. Besides being an advisor to industry, physician 
te, being unfamiliar with the many _ valuable to sales-sick products, and counsellor to manufacturers, 
haracteristics of this material, the industrial designe) he is an individual who must combine his natural artistic 
Mas ga g the reputation of being a plastic expert be- ability with vision of tomorrow and a mechanical unde 
is talking about phenol-formaldehyde and (Please turn to page 34) 


hacrylate. This, in a period when there was 
ige devoted to the whole plastics industry in 


he M ery Handbook. Model U-83 “Tenna - Rotor” 
| the very beginning, plastics, more than any control of the Alliance Mfg. 

Co., before redesigning by J. 

O. Reinecke & Associates. 


Dt terial, permitted the consultant industrial de- 
g t rk hand in hand with industry in the styling 








. ctional and better appearing products. The 
meesigners were among the first to realize that here was 
‘ 
- t hich most nearly meets all the requirements 
fabrication, and appearance. 
esigr g er, both the designer and the plastic manufac- 
ic cot selves will admit that plastics are not a pan- 
die *r . 1 . 
eve all the production ailments of industry. 
coiore qd 
ie bute is that it possesses many of the in- 
ties which have been lost sight of after the 
handicrafted to machine-made products. 
issing today’s plastics, one fact stands out 
; iterial capable of still greater accomplishments 
ist emerging from the throes of their de Model U-83 ‘Tenna-Rotor’ 
tage. Twenty short years ago many of control, redesign of out 
ts being constructed today of this material moded model. Created by 
pene : bl Th 3 so ai Reinecke & Associates for 
virtually impossible. ie future holds the Alliance Mfg .Co., Al- 
ate en greater things. liance, Ohio. Size of cabi- 
- . any reasons why the plastics industr’v net was reduced. New dia! 
eviow 3 \ : ; f | i ' lasti t ith 
rs - ed such an unprecedented expansion in the eatures gold bezel, edgelighted transparent plastic crystal wit 
; ; But ¢ / g three dimensional letters and incised aluminum background. Knob 
ove years, Sut the principal factor for its tre ‘s off-white plastic with gold pointer insert. Brass base carries name 
be e th is the public’s desire for plastic products in white. 
9° he plastic materials themselves. Industria This wearer control was designed to give it ee ap 
qu , : : eal without sacrificing recognized materials and mechanical oper- 
nce are ever-conscious of trends, although ir P aan g 9 p 


ation. It offers a style easily adaptable to the decor of any income 


re actually the creators of trends through want 














Raymond B. Seymour 


N SPITE OF POPULAR misconceptions, the most im- 
lke application of plastics is not for the production 
of novelties but for industrial uses. A large volume of 
plastics is already consumed by the aeronautic and auto- 
mobile industries and there is a definite trend towards 
using larger amounts of plastics in corrosion resistant 
construction, 

The principal end uses of chemical resistant plastics 
as coatings (1, 2), linings (3, 4), cements (5,6), jointing 
compositions (7, 8, 9) and plastic structures (10, 11, 12, 
13) have been discussed quite thoroughly. In addition 
to application data which have appeared in manufacturers’ 
catalogs and bulletins, information is also available on 
standards and specifications which have been established 
by committees of the National Association of Corrosion 
Engineers, American Society of Testing Materials and 
the Society of the Plastics Industry. However, because 
no readily understood data are available for comparing 
plastic materials, the design engineer has not been able 
to select plastic materials of construction with confidence. 

Information on economics, specific gravity, structural 
strength, impact resistance, temperature limitations and 
resistance to solvents, salts, alkalies, acids and oxidizing 
agents have been published (15) but no simple method 
is available for comparing the physical and chemical 
properties of plastic materials. In the following chart 
which has been prepared in an attempt to supply this 
need, approximately thirty plastic materials, commonly 
used for chemical resistant construction and non-plastic 
products have been graded on five physical and five chem- 
cal properties. Relative values from 1 to 10 have been 
assigned for each physical and chemical property. 

Thus, a summation of the first five values for 
any specific material will yield a grade for  phys- 
ical and practical properties. A summation of the last 
five values will supply an index of the overall chemical 
resistance of any specific plastic material of construction. 
Obviously, the ideal plastic should yield a value of 50 for 
practical properties and 50 for chemical resistance prop- 
erties. Such a plastic would be relatively inexpensive, 
would have a low specific gravity, would be strong, and 
possess good resistance to physical damage and tempera- 
ture. It would not be attacked by organic solvents, salts, 
alkalies, acids and oxidizing agents. 

Obviously, the plastic material of construction that 
Presented to the Institute of Chemical Engineers, Mon- 
treal, Canada—October 28, 1953. 
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will have an index of 100 has not been developed. H 
ever, as will be seen from a review of the chart, s 
of the most chemical resistant plastics have values great 
than 35 for chemical resistance and some of the bett 
known materials of construction have values for pract 
properties varying from 30 to 40. 

As a general rule, an attempt should be mad 
select a material having a total value for practica 
above 25 and chemical resistance properties abov, 
when the structure will be subjected to corrosive 


tions. Compromises may be made with materials hai 
lower indices when the low index values are not import 
in the application under consideration. However, 
the summation of indices for either chemical resista 
or practical values are low, the product should be exa 
ined very critically before being recommended as a 
terial of chemical construction. 

In many cases, it is permissable to accept low 
values for practical properties in order to secure exc 
tional chemical resistance and low values for ch 
resistance when the corrosive conditions are extremé 
mild. For example, polytetrafluoroethylene has a che! 
resistance index of 50 and yet has a practical index 
24. Nevertheless, it should be considered for use ir 
cases where high chemical resistance is required in s| 
of a moderately low practical index. Likewise, steel 
a low chemical resistance index value but because 
high practical index value of 35, it is often recomme! 
when corrosion resistance is not the major considerat 

Some specific index values may be disregarded if 
rated property is not important in the anticipated ap; 
cation. Thus, products like asphalt may be used 
chemical resistance applications in the absence of s 
and oxidizing agents since the total index value 
sistance to salts, acids, and alkalies is above 30, Likews 
when a structure operates at room temperature, a! 
total weight and economics are not considered importa 
the index values for structural strength and resistan 
physical damage only should be considered. Thus, 
lose acetate-butyrate pipe finds many uses even 
it has poor resistance to chemicals and temperatur 
moderately expensive. 

It must be recognized that methods of compound 
and fabrication have considerable effect on both phys 
and chemical properties of commercial plastics. Evé 
the index values are higk for the generic materials, p 
erties of the commercial products must be cons 
Admittedly, the indices, as given, are empirical and ‘ 
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PRACTICAL INDICES FOR CHEMICAL RESISTANT PLASTICS 


CHEMICAL RESISTANCE 
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ible assistance in the preliminary selection of ma- 


emical construction. 
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Thermal Degradation of Polymers 






During Molding 


Part |. Theoretical Considerations 
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¥ THE USUAL molding practice, a part of the charge 
n the cylinder consists of material heated in the course 
of the previous operation of the mold. This material con- 

sts of residue as well as scrap from the sprues, and the 
like, of the previous operation cycle (an operation cycle 
being the time between successive chargings of the cyl- 
nder). The material is heated in the course of the opera- 
tion of the mold and will thus be subject to some thermal 
degradation. Since a fraction of the material is used re- 
peatedly it is quite to the point to ask how much of the 
charge of the cylinder say after the nth operation cycle 
(heating) has been degraded and to what extent. The 
extent of degradation may critically affect certain prop 
erties of the molded product as for example the colon 
and mechanical strength. 

Let M be the total mass of material in the cylinder 
equal to the mass of the molding plus the mass of the 
residue. Let [f (i, n)] be the mass of material heated 
exactly times after a total of n operations (heatings) in 
the cylinder before the start of the n-+-1st heating. The 
charge in the cylinder consists of a mass qM of residue 
left over from the previous heating plus the mass 
q ) M of the scrap from the previous molding plus 


a mass of (1-q) (1l-p) M of fresh unheated “virgin” 
material added to the pot to make the mass of the charge 
M, e. 
qM {| p (l-q) M (1l-p) (l-q) M M 
residue scrap “virgin” charge 
Now from the definitions given: 


2 


M:)> fin 


° 


“KA 


with f (o , n ) (1-p) (1-q) M_ for all n. 


Employing weight fractions rather than the masses them- 


V. T. Stannett 


Colle ge oft Fore stry 
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selves we can rewrite this letting 


u(i,n) f(i,n)/M, 
| 5 u(i,n) (1-pi-Yt¥ (un) 
“eo ae 


At the start of each operation the ratio of heated mass 


unheated virgin mass is as 

-pq + (p + q): (1-p) (1-q). 

Now we have from the make-up of the charge bef 
n + 1*t operation 


f(1,n) q f (o, n-1) p (l-q) f (0, n-1) 


Since once heated material can only arise as a result 


heating “virgin” material of the previous cycle we 

divide by M and write 

u(l,n) (q p (l-q) ) u(o,n-l) 

Similarly for twice heated material we obtain the | 

u (2, n) (q p (1-q) ) u (1, n-1), ete. 

and in general for values of i greater than zero and 

than or equal to n, 

u(i,n) (q p (1-q) ) u (i-1l , n-1) 
au (i-1, n-1) 

where a (q p (1-q) ). Note that a lies betweer 

and one 

a 1 if and only if q i. 

This difference equation has to be solved under th 

ditions that 

u(o,n) (1-p) (1-q) 1-a,n greater thar 


n 
Ss u(i,n)=! 
So 
The solution of this difference equation is 
u(i,n) ai (l-a) fori hha +. pe 
u (i, n ) a! for i n. 

This can be readily seen from table I. 








Table I. Composition of Cylinder 

oe 

’ ) 

i/O.n) itivn) u n) if n) ifi.n) ifn n) of u n) 
0 1 0 0 0 0 coe WER) l 
l l-a a 0 0) () sve WEERD l 
, l-a a(l-a) a 0 0 seo CRED l 
3 l-a a(l-a) a°*(l-a) a 0) coe WHS) l 
i-l l-a a(l-a) a?(l-a) a‘(l-a) 0 .-. U(i-l,i-1) l 
l-a a(l-a) a*(l-a) a}(l-a) a cow WERE l 
n l-a a(l-a) a-*(l-a) a)(l-a) a'(l-a) sin Sie ] 
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MOLDING 
OPE RATION ‘ 
— oo Product "y 
MEATING ? 


“Ne 


a q 


ustration of mathematical terms: a molding 


eads to product plus scrap. 


s solution we can find for example the 
iterial in the pot which has been heated at 
after a total of n heatings and just before 


ViS,n) , 1. C- 


n 
v(s,n) => u(in) = a 
rain readily seen from table I. 

now ask what is H (n); that is, the mean 
a given aliquot of a cylinder that 


heatings of 


ne a total of n molding cycles and is just 


1st molding? 


rv 
> cu(t n) 
_ = CU a”) 


A i+a 


» u(t n) 


Hin) 


es between zero and one, H (n) for lares 





a),i.e. 


























(a) (b) 


The total fraction of thermally degraded 
the cylinder Zn as a function of the total num- 
ngs n; x-lines are zeroth order kinetics; dot 
st order kinetics: 

a 0.25 , kt —kt— 0.1; 
, Kot kit a 


a 0.25 


. January, 1954 





the limit approached by H (n) as n approaches infinity, 






Is a/ (1 + a). 





Consider now some physical property of the molding 






material which changes as a function of the heating time 






t(i) i f where ¢ is the duration of a heating (molding) 





operation. Such a material 


thermally degraded , D(t (i)) 


property is the fraction of 
D(it). 






For example the fraction of thermally degraded i-fold 





heating material which has undergone a total of n op 





erating cycles is D( it ) u (i,n). Thus the total fraction 






of material thermally degraded in the cylinder satisfies 





the equation. 






Z 2. D(it) u(i.ny 


n 






We will consider several kinetic possibilities for this 
thermal degradation: 
(a) Zero orde} kinetics 


In this case 







a Dit) k 
at () e 







which on integration gives 


D (t(i)) k. ti) kif. 




















Thus 











Z - > koti u(i.n)- kth) kot —2 (1-a) 


i+ 








As n Increases Zn approaches the limiting value 













(b) First order kinetics 


In 











this case 












4 Ditw) 
it (i) 





k,|I D(t «) 






which on integration gives 
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ak tiy 


D(tiv) = 1-€ =| (e**) 










“ktnin 


Ma k ‘ non 
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As n increases Zn approaches the limiting value 
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calculated once D(it) 


Zn can be 
of polystyrene it is known that the 


how 





This illustrates 
is known. In the cass 
kinetics of thermal degradation in vacuum follow a rate 


law intermediate be 







Zero 


first and 





tween orde r, while 





rate appears to be first 


for polyethylene the overall 
order.{1) In the actual molding operation these rate 
would probably be modified in particular since air is not 


excluded during the 






laws 







yperation. 





In conclusion it has been shown that the amount of 





degraded material in the charge is asymptotically a func 
tion only of a the fraction of previously 
and the kinetic rate law of the thermal degradation. Th« 
extent of degradation has been found for the case of 
first and zeroth order kinetics. In part II of this pape 
we will report the findings of an experimental study of 
this problem which is now in progress. We are indebted 
to Mr. M. D. Curwen, editor of “Plastics” who suggested 


this problem. 





heated material 
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